We present a quantitative morphological analysis of 187 galaxies in a region covering the central 0.28 square degrees of the Coma cluster. Structural parameters from the best-fitting Sérsic r 1/n bulge plus, where appropriate, exponential disc model, are tabulated here. This sample is complete down to a magnitude of R=17 mag. By examining the Edwards et al. (2002) compilation of galaxy redshifts in the direction of Coma, we find that 163 of the 187 galaxies are Coma cluster members, and the rest are foreground and background objects. For the Coma cluster members, we have studied differences in the structural and kinematic properties between early-and late-type galaxies, and between the dwarf and giant galaxies. Analysis of the elliptical galaxies reveals correlations among the structural parameters similar to those previously found in the Virgo and Fornax clusters. Comparing the structural properties of the Coma cluster disc galaxies with disc galaxies in the field, we find evidence for an environmental dependence: the scale lengths of the disc galaxies in Coma are 30% smaller. A kinematical analysis shows marginal differences between the velocity distributions of ellipticals with Sérsic index n < 2 (dwarfs) and those with n > 2 1 Present address: Max-Planck-Institut für Astronomie, Königstuhl 17, D-69117, Heidelberg, Germany -2 -(giants); the dwarf galaxies having a greater (cluster) velocity dispersion. Finally, our analysis of all 421 background galaxies in the catalog of Edwards et al. reveals a non-uniform distribution in redshift with contrasts in density ∼ 3, characterized by a void extending from ∼ 10, 000 to ∼ 20, 000 km s −1 , and two dense and extended structures centred at ∼ 20, 000 and ∼ 47, 000 km s −1 .
Introduction
The properties of galaxies can vary depending on whether they reside in dense galaxy clusters or the field. The most remarkable example of this is the morphology-density relation (Dressler 1980) in which the proportion of elliptical galaxies increases toward the cores of rich clusters. The morphology of galaxies in clusters has been based, mostly, on a visual classification scheme. However, visual classification is only the first step in the characterization and description of galaxies. It is necessary to conduct a quantitative morphological analysis of galaxies in clusters to answer basic questions like: Are the properties of spiral galaxy discs, such as their scale-lengths, affected by the enviroment? Such a study is also required to make a detailed comparison with, and therefore test, current theoretical predictions (e.g. Moore et al. 1999; Gnedin 2003) .
The proximity and richness of the Coma cluster has made it one of the most studied galaxy clusters. Since Godwin, Metcalfe, & Peach (1983) published the first wide-field galaxy catalog using photographic photometry, many other surveys have been conducted both in the central parts of this cluster (e.g., Jorgensen & Franx 1994; Karachentsev et al. 1995; Bernstein et al. 1996; Lobo et al. 1997; Secker & Harris 1997; Trentham 1998) and covering larger areas (e.g., Kashikawa et al. 1995; Terlevich, Caldwell & Bower 2001; Beijersbergen et al. 2002) . A recent survey combining wide field photometry and spectroscopy has been presented in Komiyama et al. (2002) and Mobasher et al. (2001) . There are numerous morphological studies of galaxies within the Coma cluster, both in the optical (e.g., Rood & Baum 1967; Dressler 1980; Lucey et al. 1991; Jorgensen & Franx 1994; Andreon et al. 1996; Andreon, Davoust, & Poulain 1997; Gerbal et al. 1997; Kashikawa et al. 1998; Mehlert et al. 2000; and Komiyama et al. 2002) and in the near-infrared (e.g., Pahre 1999; Mobasher et al. 1999; Khosroshahi et al. 2000) .
In this paper we present the morphology and structural parameters of galaxies in the central region of the Coma cluster (0.28 square degrees). We wish to stress that our analysis uses for the first time velocity data to establish cluster membership. Furthermore, and importantly, we do not a priori assume to know what the distribution of light is in elliptical galaxies or the bulges of spiral galaxies. That is, rather than force the r 1/4 model on these systems, we use Sérsic's (1968) r 1/n model in an effort to measure the distribution/concentration of light. A detailed analysis of the relation between galaxy light concentration and galaxy environment was addressed in a previous paper (Trujillo et al. 2002a, hereafter T02A) . One of our present objectives is to study the various correlations among the structural parameters, and to search for possible differences according to morphological type or local conditions within the cluster. A study of a rich and nearby cluster like Coma is also very useful for establishing a local reference for studies of clusters at intermediate and high redshifts.
Section 2 describes the observations and the compilation of redshifts. The method to determine the quantitative morphology of galaxies is outlined in Section 3. In Section 4 we explore the relationships between the structural parameters and also with the environment. Section 5 summarizes the main results of the paper.
The sample and observations
We have performed a quantitative morphological analysis of galaxies in the Coma cluster using a deep image taken in April 2000 with the Wide Field Camera (WFC) at the 2.5 m Isaac Newton Telescope (INT) at the Roque de los Muchachos Observatory. The observations are described in detail in Marín-Franch & Aparicio (2002) . Here, we outline the more relevant facts. The image was taken through a Sloan r-band filter, with a total exposure time of 3900 s (13×300 s). The observations covered the inner 0.28 square degrees of the central part of the cluster (see Fig. 1 ). Conditions were photometric. We performed a standard data reduction, comprising subtraction of bias, flat field corrections and co-addition of individual exposures. Each chip was calibrated using standard Landolt stars (Landolt 1992) . The seeing in the final (combined) image, measured using bright, unsaturated stars, was 1.1 arcsec. The limiting magnitude for these observations was r ∼ 23.5 mag. The four frames in Fig. 1 correspond to the four (2k × 4k) CCDs (with a scale of 0.333 arcsecconds pixel −1 ) of the WFC. The position of the CCDs in the Camera produces gaps of ∼ 16 to ∼ 27 arcseconds on the sky.
The B magnitudes and B − R colors given in Table 1 (see next Section) , were taken from the catalog of Godwin et al. (1983) . The recessional velocities are from the compilation by Edwards et al. (2002) . These catalogs cover a region of 2.65 square degrees centred on the Coma cluster and largely overlap our observed region. The compilation by Edwards et al. comprises 1174 galaxy redshifts of Coma members, and foreground and background objects.
The mean velocity of the Coma cluster is ∼ 7, 000 km s −1 , and its velocity dispersion is ∼ 1, 000 km s −1 . Our criterion for membership is the same as the one used by Edwards et al.: Coma members are those objects with velocities in the range 4, 000 ≤ cz ≤ 10, 000 km s −1 . This range corresponds to a ∼ 3σ cut on the velocity distribution of the Coma cluster galaxies. With this criterion, the number of Coma members in the above velocity catalog is 745. The sample analyzed in this paper has been selected by magnitude, and includes only six galaxies with unknown redshifts (see next sections), so incompleteness effects are negligible. We select for our structural analysis (see next section) the 187 galaxies with R ≤ 17 mag.
Quantitative morphology
To quantify the properties of each galactic structural component (bulge and disc) we use a parametric model to describe the observed radial profiles. Elliptical galaxies and the bulges of spiral galaxies are modeled with a Sérsic law; discs are described by an exponential profile. The effects of atmospheric blurring on Sérsic profiles (Trujillo et al. 2001b , 2001c have been taken into account using the algorithm described in Trujillo et al. (2001a; hereafter T01A) and Aguerri & Trujillo (2002) . In the case of optical ground based observations, the PSF is dominated by atmospheric blurring and can be approximated by a Gaussian or Moffat function. For the observations presented here, we determined the PSF from the radial profile of bright unsaturated stars in the image; it was found to be well described by a Moffat function with β = 2.5 and FWHM=1. ′′ 1.
The Sérsic (1968) profile can be written as
This law is a generalization of the de Vaucouleurs (1959) profile and has been used widely in recent years as a good description of the profiles of dwarf and giant ellipticals and the bulges of spiral galaxies (see, for example, Caon, Capaccioli, & D'Onofrio 1993; Andredakis, Peletier, & Balcells 1995; Graham & Colless 1997; Balcells et al. 2003) . The parameters of the model are the central intensity I b (0), the effective radius r e , and the Sérsic index n. The quantity b n is defined so that the effective radius encloses half of the total luminosity (i.e., b n is the solution of Γ(2n) = 2γ(2n, b n ), where Γ and γ are the Gamma function and the incomplete Gamma function respectively). The relation between the central intensity and the intensity at the effective radius is given by I(r e ) = I b (0) exp(−b n ). Discs were modeled with an exponential profile, such that
where the parameters are the scale length h and the central intensity I d (0).
We assume projected elliptical symmetry for the bulge and disc, with the ellipticities (ǫ b and ǫ d respectively), in general, different for each component. The observed ellipticity at small radii is of course smaller than the true ellipticity because the seeing tends to make the isophotes rounder. This effect is particularly important for the numerous dwarf galaxies and spiral galaxy bulges with effective radii as small as 2-3 arcseconds. Our algorithm takes this effect into account, and the intrinsic ellipticities for the bulge and the disc are determined simultaneously with the other structural parameters.
We tried to use the minimum number of components (i.e. parameters), so we proceeded as follows. Every galaxy's major-axis surface brightness and ellipticity profile, generated using the iraf task ELLIPSE, were simultaneously fitted with a two component model (bulge plus disc). The total flux of both components is computed by using the Sérsic analytical expressions extrapolated to infinity. For those objects in which we obtained a bulge-to-total luminosity ratio B/T > 0.6, we checked if it was possible to obtain a good fit (i.e., with a reduced chi-square value as small or smaller than in the two component case) with just a bulge component. When that was the case, we considered the object to be an elliptical galaxy Using Monte Carlo simulations we have determined the uncertainty in the computed parameters. Details of how these simulations are constructed can be found in T01A and in Aguerri & Trujillo (2002) . We created 150 artificial galaxies with structural parameters randomly distributed in the following intervals:
• bulge-only structures: 13 mag ≤ R ≤ 19 mag, 1 ′′ ≤ r e ≤ 10 ′′ , 0.5 ≤ n ≤ 4, and 0 ≤ ǫ ≤ 0.6 (the lower limit of n = 0.5 is due to the physical restrictions pointed out by Trujillo et al. 2001b ).
• bulge+disc structures: 13 mag ≤ R ≤ 19 mag, 1
A variety of starting parameters were used to ensure that our fits did not get trapped in local χ 2 minima. From these simulations we find that the bulge and disc parameters (we include here the intrinsic ellipticity of each component) can be determined with an accuracy of ∼ 10% for galaxies with R ≤ 17. Our structural analysis was therefore carried out only on the 187 galaxies brighter than R = 17 mag; the results are presented in Table 1 . Of these 187 galaxies, 163 have recessional velocities between 4,000 and 10,000 km s −1 ; for 32 of these, the parameters could not be measured with sufficient accuracy for various reasons, such as proximity to bright stars, uncertain deblending, bad columns of the detector, etc.
These galaxies are flagged with a negative sign preceding their B/T ratio. This group also includes galaxies which are irregular or peculiar. Also, because the structure of cD galaxies (NGC 4874 and NGC 4889) is poorly understood, these galaxies will also be excluded. The analysis presented in the following sections will be restricted to the 129 regular galaxies belonging to Coma and having reliable parameters.
Following the notation and taxonomy discussed in T01A, we have differentiated the galaxies according to the bulge-to-total luminosity ratio (B/T ). We will consider the value B/T = 0.5 as the separation between early (E/S0) and late (S) type galaxies. According to this criterion, 61 galaxies were classified as late-type, and 68 galaxies as early-type. In the early-type group, 14 objects show evidence of discs, while 54 are pure ellipticals. In the text we will often refer to objects that have been modeled with only a bulge component as elliptical galaxies. This does not necesarily imply some specific internal kinematics for these objects. Figure 2 shows a histogram of the B/T values. Figure 3 shows the cumulative distribution of early-and late-types as a function of the distance to the cluster center. Although the figure seems to indicate some evidence for the early-type galaxies to be distributed closer to the center than late-types, a Kolmogorov-Smirnov test shows that this is not statistically significant (similar results were obtained considering the value B/T = 0.3 as the separation between early-and late-type galaxies). A more detailed analysis of this point is presented below.
In Figure 4 we compare the R-band magnitudes quoted in the GMP catalog with the galaxy magnitudes derived from our (Sloan-r passband) structural parameters. Although the agreement is very good, there is a ∼ 0.2 mag zero-point offset such that our estimates are fainter. This may be due to an offset in the relative calibration or to the existence of a small color term between sloan-r and the R-band magnitudes. There is, however, no significant magnitude-dependent bias in our estimation of the magnitudes.
Comparison with previous morphological studies of Coma
Although many studies in the past have been devoted to a morphological analysis of galaxies in the Coma cluster (see references in Section 1), the comparison between the structural parameters derived for individual galaxies from different papers is not straightforward and is often only of a limited nature. Some of the previous studies provide no tables of parameters but present only statistical results (e.g., Gerbal et al. 1997) , or the analysis is purely qualitative, or they derive the structural parameters in a model independent way (e.g. Andreon 1996 ). In our sample we have 54 galaxies in common with Dressler (1980) . If we compare the morphological types derived there with those inferred from our B/T ratio, we find good agreement. In a few cases, we classified objects as S0 or spiral galaxies that were classified as pure E by Dressler. This is likely explained as a consequence of the different sensitivities of the two studies (the faint discs we found in some of our objects were not detected by Dressler). For only four galaxies classified by Dressler as S0, and as pure E by us, can the results be considered discrepant. However, this level of discrepancy (∼ 8% ) is in agreement with the differences expected among classifications by different authors (see Lahav et al. 1995; . Graham & Guzmán (2003) have analysed a sample of 15 dwarf elliptical galaxies in the Coma cluster imaged with the Hubble Space Telescope, finding that all but two of them have a central point-like component. In principle, ignoring the presence of this central component could affect the determination of the structural parameters of bulges and discs (Balcells et al. 2003) . We have checked whether this could be the case for our sample. We have seven objects in common with Graham & Guzmán (2003) . Although in our model we have not accounted for a central source, and we used major-axis light-profiles while Graham & Guzmán used geometric-mean light-profiles, the parameters obtained for the galaxies in common are in good agreement. For instance, the typical deviation between estimates of the Sérsic indices is ∆n ≤ 0.25. Only in one case (GMP 3292) the two analyses give significantly different values. Therefore, at least for the dwarf ellipticals in Coma, the presence of nuclear components may not have a large effect on our estimation of their structural parameters.
Results and Discussion
4.1. Early-type galaxies Caon et al. (1993) and Caon (1994) reported the existence of a correlation between the Sérsic index n and the model-independent total luminosity of elliptical galaxiess in the Virgo and Fornax clusters. This correlation has been shown to hold also for the bulges of spirals (Andredakis, Peletier, & Balcells 1995; Graham 2001; Balcells et al. 2003; MacArthur, Courteau, & Holtzman 2003) , and also extends to the dwarf elliptical regime (Young & Currie 1994 , 1995 Binggeli & Jerjen 1998 , Graham & Guzmán 2003 . The correlation is such that more luminous bulges tend to have larger values of n, their light distributions are more centrally concentrated. . In this section we analyse this and other possible correlations existing among the structural parameters of the galaxies in our sample, and compare the results with previous studies. The study by Caon et al. was conducted in the B-band; to make a proper comparison we have converted our surface brightness values obtained in the R-band using the B − R color given in Table 1 . Figure 5 shows the relation between the model-independent B-band magnitudes from Godwin et al. (1983;  we assume h ≡ H 0 /100 = 0.7), and the three Sérsic parameters we obtained for the early-type galaxies in our sample. We also plot the data for the galaxies analysed by Caon et al. and D'Onofrio et al. in the Virgo and Fornax clusters. The distributions of the structural parameters of elliptical galaxies in the three clusters are similar, although there are more low-luminosity dwarf ellipticals from Coma delineating the lower arm of this forked distribution (see Graham & Guzmán 2003) .
Another way to show the correlations between the three Sérsic parameters is presented in Figure 6 . Galaxies from the three clusters exhibit similar values and relations between the parameters. The correlation between the Sérsic index n and luminosity ( Figure 5 ) is clear and holds for both the giants and dwarfs. The rough correlation found between n and r e is similar to the one found by Caon et al. (1993) (see also Young & Currie 1995 and Graham et al. 1996) . For the spiral galaxies a similar correlation also exists between the bulge index n and the bulge-to-total luminosity ratio (Andredakis et al. 1995 , Graham et al. 2001 Balcells et al. 2003) . Trujillo et al. (2002b) have interpreted this as a consequence of the relation between n and the luminosity of the bulges. The main difference between the galaxies in the three clusters is a group of bright galaxies in Virgo which are absent in the core of Coma and the Fornax sample. Objects with similar magnitudes in Coma are the two cD galaxies NGC 4874 and NGC 4889, which have been excluded in this analysis.
For the other two parameters (surface brightness and effective radius) one can distinguish two different regimes, with a transition region at −20 ≤ M B ≤ −18 close to the usual limit adopted to separate dwarf and ordinary ellipticals. Traditionally, they have been considered as two separate families of objects, although the exact separation in magnitude between each class is somewhat arbitrary. Edwards et al. (2002) considered dwarf galaxies as objects with B ≥ 18 mag. This corresponds to M B ≥ −16.84 mag. The point here is whether the relation between structural parameters and, therefore, the origin of giants and dwarfs is different and justifies this distinction. Graham & Guzmán (2003) argued that the continuity between n, and central bulge surface brightness, with luminosity demonstrates that dwarfs and ordinary ellipticals do not constitute two separate families of objects. They explained the apparently different relations between µ e and luminosity (and µ e and r e ) for the highand low-luminosity ellipticals as an expected consequence of the above linear trends.
Disc galaxies
We have characterized the sizes of bulges and discs using the effective radius r e , and scale length h, respectively. Figure 7 shows the relative sizes of bulges and discs for our sample of 14 S0 and 61 spiral galaxies. From these plots we see how the ratio r e /h is constant for galaxies with B/T < 0.3 (most of the spirals), with typical values in the range 0.15-0.30. For galaxies with B/T > 0.3 this ratio increases to 0.6 and higher. Three early-type spiral galaxies have values r e /h ≥ 1 These values are somewhat larger than those obtained for spiral galaxies in the field (Graham 2001 (Graham , 2003 MacArthur et al. 2003) . To better understand the meaning of these results, we have compared the properties of the discs in the field with those in the core of Coma. Disc galaxies brighter than M R = −22 mag are not present in our sample. On the other hand, Graham's sample is not complete for galaxies fainter than M R = −20 mag, thus we use the common range −22 mag ≤ M R ≤ −20 mag. The comparison is presented in Figure 8 .
We obtained mean values of r e /h=0.24 for Coma and 0.17 for Graham's sample. A Kolmogorov-Smirnov test rejects the hypothesis that the two r e /h distributions are the same at ≥ 99.9%. Applying Student's t-test, the mean values of r e /h in both distributions are different at the 99.9 % level (assuming the two distributions have unequal variances). The larger average value of r e /h for galaxies in the denser environment of the Coma cluster is compatible with the idea that the discs of spiral galaxies in the center of clusters are smaller than the discs of field galaxies with similar magnitudes and bulges. In fact, if we assume that the sizes of the bulges are less affected by the enviroment than the size of the disc, we can estimate that the discs of the galaxies in the center of the cluster have 30% smaller scale-lengths. Aguerri et al. (2003) have found similar results from a study of the morphology of galaxies in a larger region of the Coma cluster. The reduction in the sizes of the discs is in agreement with what is expected in high density enviroments. In these enviroments tidal forces play a crucial role truncating and heating the infalling disc galaxies (Moore et al. 1999 , Gnedin 2003 . This could also be explained if the suppression of star formation, as has been proposed by Balogh, Navarro, & Morris (2000) , is more effective in the outer parts of the (cluster) spiral galaxies. As expected, due to the smaller values of h but similar luminosities, we find that in the h − µ 0 plane (Figure 8 ) cluster disc galaxies tend to have brighter central surface brightnesses. Figure 9 shows the seeing-corrected, projected ellipticities for the bulges and discs of the galaxies in our sample that have these two component. The ellipticity for a thin disc is related to the inclination angle, i, by: cos(i) = 1 − ǫ. Clearly the ellipticity of discs tends to be higher than those of bulges. Figure 10 shows the cumulative distributions of ellipticities for the different morphological types. Table 2 shows the number of early-and latetype galaxies, together with the mean and standard deviation of the projected ellipticities. The main results are that bulges of all morphological types have ellipticities with a similar distribution, and that the discs of S0s seem to have a slightly different distribution than the late-type galaxies (a Kolmogorov-Smirnov test rejects both distributions being the same at the 86 % confidence level). However, it may simply be a result of small number statistics. This needs to be investigated with a larger sample of S0 galaxies. Jorgensen & Franx (1994) measured the ellipticities of a volume-limited sample of galaxies in the Coma cluster. However, they simply measured the global ellipticity of the galaxies without disentangling the disc and bulge components. They concluded that S0 galaxies tend to have larger ellipticities than pure ellipticals, and argued that this indicates that some of the faint face-on S0 galaxies were misclassified as E types. On the basis of our own results (Table 2 ), the differences in ellipticity found by those authors could indeed be due to the differences in ellipticity between the two structural components (bulges and discs).
Ellipticities

Line-of-sight velocity distributions
Coma elliptical galaxies
Studying the velocity distributions of the different morphological types in Coma allows one to test models of the origin and evolution of these types. Previous dynamical analyses of groups and clusters have been conducted by many teams. For instance, Zabludoff & Franx (1993) have analyzed six rich clusters of galaxies; Schindler, Binggeli, & Bohringer (1999) and Conselice, Gallagher, & Wyse (2001) have explored the Virgo cluster; Held & Mould (1997) and Drinkwater, Gregg, & Colless (2001) studied the Fornax cluster; Colless & Dunn (1996) the Coma cluster; and Cote et al. (1997) studied the Centaurus A group. In general, all these works show that late-type galaxies and dwarf ellipticals have broader velocity distributions as compared with giant ellipticals. This has been interpreted as evidence that spiral and dE galaxies are infalling into a virialized core dominated by giant ellipticals.
The Coma cluster is not a simple relaxed cluster: a close examination of its central parts reveals the presence of two groups of galaxies (Fitchett & Webster 1987; Baier, Fritze & Tiersch 1990 ) dominated by the cD galaxies NGC 4874 and NGC 4889. The analysis of radial velocities by Colless & Dunn (1996) found these two concentrations to be dynamically different entities. A third group, dominated by the galaxy NGC 4839, is located 40 ′ to the SW of the cluster. Burns et al. (1994) claimed that the group had already been disrupted after its first passage through the cluster, while Colless & Dunn (1996) suggested that this group is falling into Coma along the Great Wall. The Coma cluster is one the brightest extragalactic X-ray sources observed by ROSAT (White et al. 1993) , ASCA (Watanabe et al. 1999) , and XMM (Briel et al. 2001 ). In the X-rays images, the cluster appears elongated along the line connecting NGC 4874 and NGC 4889, and numerous lumps and individual sources are visible. Based on these observations, Neumann et al. (2001) discussed the morphology of the NGC 4839 group and concluded that the group is falling into Coma for the first time, in agreement with the scenario proposed by Colless & Dunn (1996) . Gurzadyan & Mazure (2001) analysed the substructure of the Coma cluster using an S-tree method and also concluded that three subgroups exist. Furthermore, a study of the small scale structure conducted by Conselice & Gallagher (1998) discovered three additional aggregates, two of them equidistant between NGC 4874 and NGC 4889, and the other near the giant elliptical NGC 4860. Edwards et al. (2002) have conducted a detailed kinematical study of Coma. Analyzing differences in velocity between the giant and dwarf galaxies (based on whether they are brighter or fainter than M B = −16.84 mag), they found that the giants follow a non-Gaussian distribution in velocity, while the distribution of the dwarfs is compatible with a Gaussian. While we use the same compilation of redshifts, our quantitative morphological analysis allows us to study the motions of the galaxies as a function of their structural parameters. The velocity distributions for ellipticals with n < 2 (dwarfs) and n > 2 (giants) are shown in Fig. 12 . Both distributions are symmetric with respect to the systemic velocity of the cluster. The distribution for galaxies with n > 2 is narrower and shows a larger number of galaxies with velocities close to the cluster systemic velocity. This could indicate a concentration of galaxies with n > 2 in the central parts of the cluster, in agreement with previous findings that dwarf galaxies are less concentrated than bright galaxies in Coma (Quintana 1979) . Similar results have been found for the Fornax cluster (e.g., Caldwell 1987; Drinkwater et al. 2001) , the cluster AC118 at z ∼ 0.3 (Andreon 2002) , and for a sample of other clusters between z = 0 and z = 0.5 (Adami et al. 2001) . Table 3 summarizes this analysis showing the mean velocity (and dispersion) obtained for the different types of galaxies discussed above.
A Kolmogorov-Smirnov test applied to the velocity distributions of E galaxies with n > 2 and n < 2 shows some evidence (70% of confidence level) for the two distributions being different. Table 3 shows that the ratio between cluster velocity dispersion for these galaxies is ∼ 4/3. Edwards et al. also found a slightly larger dispersion for dwarf than for giant galaxies (1096± 45 and 979± 30 km s −1 respectively) in Coma.
If the central 0.28 square degrees of the Coma cluster were fully relaxed, by dynamical relaxation (Binney & Tremaine, 1987) , this should correspond to mass ratios between the two groups of galaxies ∼ 16/9. Assuming a similar mass-to-light ratio for all the ellipticals, this would imply a mean difference in magnitude between both groups ∼ 0.6, which is smaller than the actual difference (2.4 mag). For instance, Edwards et al. have performed Monte Carlo simulation of the velocities in a cluster fully relaxed, finding that the ratio between the velocity dispersion for dwarfs and giants should be ∼ 3. Edwards et al. argued that the differences in velocity between the two groups of ellipticals are the result of the merging of subclusters which were partially relaxed. In the particular case of the Coma cluster, this could be supported also by the large scale distribution of the groups associated to NGC 4874 and NGC 4889 respectively.
Background galaxies
In the compilation of redshifts by Edwards et al. (2002) there are 745 Coma members; the rest are 421 background and 15 foreground objects. Figure 11 shows a histogram with the distribution of redshifts in this catalog. The diagram on the left is dominated by a big bump at ∼ 7, 000 km s −1 , which corresponds to the Coma cluster. There are two other concentrations at higher redshift, peaked at ∼ 25, 000 and ∼ 47, 000 km s −1 ; these can be seen in more detail in the diagram on the right of Figure 11 . The contrast in galaxy density between these structures and the average density distribution is ∼ 3. Figure 11 also shows a low density region from 10,000 km s −1 to 20,000 km s −1 that has been discussed in Lindner et al. (1995) .
As the limiting magnitude of the sample with measured redshifts is unclear, it is not possible to make a comparison with the values reported by Arnouts et al. (1997) for the expected density of galaxies in the field. The range of velocities in both of the high-density structures beyond Coma are too high for those expected from a typical cluster; however, both structures show evidence of substructure within them. The closer concentration can be split into two substructures, one at ∼ 20, 000 and the other at ∼ 25, 000 km s −1 , both having velocity dispersion ∼ 1, 000 km s −1 . Although it is difficult to appreciate in the figure, we tentatively identify in the more distant concentration of galaxies two overlapping structures at ∼ 46, 500 and ∼ 49, 000 km s −1 , with dispersions of ∼ 2, 500 and ∼ 1, 000 km s −1 respectively. It is interesting to note that both structures seem to extend over the full spatial region (∼ 2 square degrees) of the velocity catalog without a clear spatial concentration; they subtend angles much larger than those expected for a cluster at these redshifts. For instance, a typical cluster with size of 1 Mpc would subtend an angle of ∼ 20 arcminutes at ∼ 30, 000 km s −1 . The three dimensional structure of the background galaxies therefore resembles large, low density regions (voids) separated by thin walls.
Summary
1. We have determined the morphological types and structural parameters of 187 galaxies in the central part of the Coma cluster (0.28 square degrees). The analysis extends down to R = 17 mag. The results of our quantitative-based (B/T ratio) galaxy type determinations are in good agreement with previous subjective classifications.
2. We have shown various correlations between the surface brightness, effective radius, luminosity, and the Sérsic shape index n for ellipticals and the bulges of spirals. All results are in agreement with past studies of elliptical galaxies in the Virgo and the Fornax cluster. The strongest correlation that between the Sérsic index, n, and luminosity.
3. The bulges of all morphological types show a similar distribution of projected ellipticities, while there is marginal evidence that the discs of S0 and spirals have different projected-ellipticity distributions.
4. We have not found bright spiral galaxies (M R ≤ −22 mag) in the core of Coma. In the magnitude interval −22 ≤ M R ≤ −20, the scale length of the discs of Coma spiral galaxies are 30% smaller than for field galaxies. This may be evidence of environmentdriven evolution.
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